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Previously, I developed the biochemical reaction simulator called WinBEST-KIT 
(Biochemical Engineering System analyzing Tool-KIT, which runs under Microsoft 
Windows) for analyzing complicated biochemical reaction systems such as metabolic 
pathways. WinBEST-KIT provides an integrated simulation environment for experimental 
researchers in the field of systems biology. One of the most notable features of 
WinBEST-KIT is that users can very easily customize user-defined reaction step symbols in 
the graphical user interface. It realizes that users can use their original mathematical 
kinetic equations for representing unknown kinetic mechanisms as reaction steps in 
addition to the prepared standard (pre-installed) mathematical kinetic equations such as 
Michaelis-Menten equation. The problem we must be considered is, however, that the 
mathematical modeling for the dynamics of the large-scale biochemical reaction systems 
needs stochastic fluctuation for the several reaction steps. In this study, I developed a new 
version of WinBEST-KIT that enables users to include the stochastic fluctuation into the 
customized user-defined reaction step symbols. Therefore, it is possible to include 
simultaneously both the reaction step symbols in which involve with the stochastic 
fluctuation and the reaction step symbols in which involve the conventional deterministic 
reactions, at constructing the model of the biochemical reaction systems to be analyzed 
with WinBEST-KIT. 
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題となっている．筆者らも WinBEST-KIT (Biochemical 






















2 WinBEST-KIT の概要 
2・1  WinBEST-KIT の特徴 


































































るためのこの複雑な代謝経路を，WinBEST-KIT は Fig. 
2 と同じ形式のレイアウトで反応スキームを構築するこ
とができることを示す．合成ブタノール生成は，2 つの
異なる代謝経路からなる．左側が E. coli 代謝であり，右
側が C. acetobutylicum 代謝である．Acetoacetyl-CoA
Fig. 2  Metabolic pathway map of synthetic butanol production by using the technology of synthetic  biology. 
Acetoacetyl-CoA in both E. coli and C. acetobutylicum metabolisms connecting with bi-directional broken line 





































である NAD+ および NADH が含まれている．NAD+ お
よび NADH の化学量論係数は，各代謝において異なる
値を有しており，それらの化学量論係数のバランスは，
2 つの代謝によって保存されている．4 分子の NADH は
E. coli 代謝で産生され，C. acetobutylicum 代謝で利用
される．4 分子の NAD+ は C. acetobutylicum 代謝で産












ける 2 分子の Glyceraldehyde-3-phosphate から 2 分子
の 1,3-Diphosphoglycerate が産生される反応ステップ
で 2 分子の NADH が産生され，C. acetobutylicum 代謝
における Acetoacetyl-CoA から 3-Hydroxybutyryl-CoA
が産生される反応ステップにおいて 1 分子の NADH が
Fig. 3  Construction of the reaction scheme of the metabolism producing synthetic butanol by using the 
technology of synthetic biology in WinBEST-KIT. The symbols connecting with bi-directional broken line 
indicate the reactant symbol and its shortcut symbol, respectively. 
Shortcut symbol of 
Acetoacetyl-CoA
Reactant symbol of 
Acetoacetyl-CoA
Shortcut symbol of 
NADH



























1 + 𝑘0 [𝑋4]𝑛
 (1) 
𝑉𝑚𝑎𝑥  はフィードバック阻害を受けないときの最大反応
速度，𝑘0 は反応速度定数，𝑛 は Hill 定数（エフェクタ






Fig. 4  Illustrations of the reactant symbol of 
NADH and its shortcut symbol from Fig. 3. 
Fig. 6  Define the original mathematical equation and customize this equation as the user-defined reaction 




































+ 𝛼 (2) 








S(𝑡 + ℎ) = 𝑆(𝑡) + 𝑣ℎ + 𝑆(𝑡)α 
α = δ√ℎ 
(3) 
確率的変動項 𝛼 は，平均 0 分散 1 の正規分布乱数 𝛿 と
刻み幅 ℎ の平方根の積で求めることができる． 









Fig. 8 に常微分方程式モデルの Michaelis-Menten シ
ンボルを利用して構築した反応スキームのシミュレーシ
ョン結果（上側）と，Fig. 7 で登録した確率微分方程式













Fig. 7  Define the Michaelis-Menten equation which involves with the stochastic fluctuation and customize 
this equation as the user-defined reaction step symbol (called Stochastic Michaelis-Menten in this case). The 














































た解析が行える．Hucka らによって SBML（Systems 
Biology Markup Language）と呼ばれる生化学反応系を
記述する標準ファイルフォーマットが策定された 19-20)．












Fig. 8  Time-course graph of the deterministic 
Michaelis-Menten equation and the stochastic 
Michaelis-Menten equation. 
Fig. 9  Biochemical reaction system that involves 
with the deterministic Michaelis-Menten equation 
and the stochastic Michaelis-Menten equation; and 
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